in reporting death of only 4 to 6 months. 6 The master file includes data on both patients who died at home and those who died within a health care facility. The DMF is made available via a secure website, with a variety of access options. 7 The DMF contains mortality data for over 86 million deceased individuals since 1936 created from Social Security Administration (SSA) records.
On November 1, 2011, the SSA made rigorous and strict changes to the DMF in response to fears of identity theft and fraud. 8 These changes were made to better comply with Section 205(r) of the Social Security Act, added by the Act of April 20, 1983, [Pub L No. 98-21, 97 Stat. 65, 130] which prohibited the SSA from disclosing the state death records SSA receives through its contracts with the states, except in limited circumstances. 9 These changes resulted in the removal of approximately 4 million historical records, and the addition of approximately 1 million fewer records of deceased per year. 10 The reduced DMF is officially referred to as the Limited Access Death
Master File (LADMF, henceforth referred to simply as DMF). The potential impact of this change on the utility of the DMF has been as source of concern for several years; however, to our knowledge, it has not been rigorously investigated. 6 We hypothesized that the 2011 change would greatly reduce the validity of the DMF as a source of mortality data. We sought to analyze the effect of the 2011 DMF change by comparing DMF data to a gold standard of in-hospital mortality. As a secondary endpoint, we also compared DMF data to in-hospital and out-of-hospital mortality data from the New York State Statewide Planning and
Research Cooperative System (SPARCS) discharge database linked with the New York State Vital Statistics (NYS VS) death records and to mortality data from the New Jersey Vital Statistics (NJ VS) records. Finally, to evaluate the potential impact of the change in DMF policy on estimation of long-term survival, we modeled 1-year survival curves using the DMF data pre-and post-2011 and compared the results to 1-year survival curves generated using the SPARCS/ NYS VS mortality data.
| ME THODS
Institutional Review Board approval from our institution (Icahn
School of Medicine at Mount Sinai), the New York State Privacy
Board, and the New Jersey Department of Health was obtained prior to beginning this study. 11 We retrospectively queried our perioperative data warehouse for all anesthesia/surgery cases from where an ASA 1 patient is a normal healthy patient, an ASA 5 is a "moribund patient who is not expected to survive without the operation," and an ASA 6 is an organ donor. 12 Healthier patients (ASA 1,2)
were excluded in order to enhance the mortality rate in the cohort.
For patients with multiple anesthetics/hospital admissions, only the most recent was preserved. Hospital date of death, discharge date, and discharge status were obtained from our institutional data warehouse. If a patient had multiple anesthetics during the study period, only the most recent anesthetic was considered.
We a priori excluded all cases in a four-month window sur- 
| Determination of the gold standard of death in hospital
A patient was considered to have died in hospital if the hospital date of death was less than or equal to their discharge date, and the discharge status was one of "expired," "patient has expired," or "organ harvest." All other discharge statuses indicated that the patient left the hospital alive. If the date of death was null and the discharge status indicated death, then date of death was set to the date of discharge, and the patient was also considered to have died in hospital.
It is important to note that the absence of hospital death date is not a gold standard for "not dead," that is, the absence of a hospital death date is not a guarantee that the patient is still alive after discharge. In fact, identifying death after discharge is one of the main motivations of using the DMF.
| Determination of DMF date of death
The SSA makes the DMF available to authorized users as a base file, supplemented by either weekly or monthly updates. The publicly available DMF is distributed through the National Technical Information Service (NTIS) of the Department of Commerce. 13 Our institutional subscription to the DMF began in the third quarter of 2011, with a base file containing approximately 90 million records current through August 31, 2011. We have kept our local DMF file current by applying monthly updates as mandated by the subscriber agreement. 14 The monthly update is automated using a locally developed program that is freely available. 15 Base files provided after the November 1, 2011, change had approximately 4 million records removed. 10 However, based on our review of the historical monthly raw data files, the monthly updates since that time have never included a bulk deletion. Thus, we were in a unique position of being able to compare the historical coverage and validity of the DMF with the current post-2011, accuracy.
Patients were matched to our local copy of the DMF using the Social Security Number (SSN of death for patients who underwent surgical procedure at our institution was identified through a discharge disposition of "deceased"
or by using the date of death from the New York State vital statistics death records. Unlike our institutional data, "Organ harvest" is not included as a discharge disposition.
| Definition of NYS out-of-hospital deaths
Participation in SPARCS is mandatory; therefore, SPARCS contains all hospital discharges. Each discharge is linked with the NY State Vital Statistics data and contains both in-hospital and out-of-hospital deaths that occurred within 1-year postdischarge, for all New York State residents. We defined an out-of-hospital death as a NY State resident who was treated at our institution, died in NY, but did not die in our institution (ie, they may have died in another health care facility/hospital, but not in our hospital). Out-of-hospital death data were available through December 31, 2015.
| Determination of NJ date of death
The New Jersey Department of Health Office of Vital Statistics and
Registry maintains death records for all deaths in New Jersey from
1918 to the present. 19 Data from our cohort were linked to the New Jersey Vital Statistics data using "The Link King" SAS plugin (version 9.0). 20 The last date of death available in the NJ file was December 31, 2015; therefore, analysis was limited to patients who died on or before that date.
| Statistical analysis
Data were split into two cohorts based on discharge date: discharge before November 1, 2011 (pre-2011), and discharge after November 1, 2011 (post-2011). Chi-square analysis was used to compare the percentage of cases where a DMF death was found for a known hospital death and the sensitivity (positive percent agreement) and specificity (negative percent agreement) of the DMF for in-hospital death were calculated using the following definitions. A true positive was a DMF record found for a patient who died in hospital, while a false positive was a DMF record found for a patient who did not die in hospital. A true negative was no DMF record for a patient who did not die in hospital, and a false negative was no DMF record for a patient who died in hospital. All false positives were manually checked via chart review. In addition, Cohen's kappa coefficient was calculated. 21 The kappa coefficient is a preferred measure of the degree of agreement between two independent measures. 22 The same analysis (chi-square, sensitivity/specificity, and Kappa) was performed for NYS VS death vs in-hospital death, for DMF vs NYS VS, for out-of-hospital death, and for DMF vs NJ death.
One-year Kaplan-Meier survival curves were generated from the DMF and SPARCS mortality data. This would simulate a hypothetical study with mortality as a primary endpoint. The curves are presented by cohort of patients discharged before and after November 2011 to emphasize the effect DMF change. The analysis was limited to New York State residents only with discharges on or before December 31, 2014. Survival data were censored at 1 year after the date of surgery for cases who survived beyond 1 year or were missing death data. Statistical analysis was performed using R 3.4.1 (R Foundation, Vienna, Austria).
| RE SULTS
A total of 101 010 patients met inclusion criteria. After exclusion of patients with discharge date in the four-month exclusion window (n = 3941), the final dataset contained 97 069 patients: 39 075 with a discharge date prior to November 2011, and 57 994 with a discharge date after November 2011. Demographics are shown in Table 1 . While the majority of patients were from New York State TA
than "expired," "patient has expired," or "organ harvest." In addition, two were due to the hospital date of death being recorded as after the date of discharge (2 days and 5 days afterward). The remaining four had a DMF death date on or before the date of discharge but a discharge disposition of "Home Health Care" or "Skilled Nursing of which were due to a hospital disposition other than "expired,"
"patient has expired," or "organ harvest." For all six cases, the DMF date of death matched hospital discharge date. The sensitivity of the DMF dropped to 14.81 percent while the specificity remained high at 99.99 percent. The Kappa coefficient decreased to 0.25 (Table 2) . In general, it remained low for all subgroups (see Tables S1-S5 ).
TA B L E 2 Validity of DMF and NYS VS for in-hospital death

| Validity of NYS VS for in-hospital death
There 
| Validity of DMF vs NYS VS
Comparing the DMF to SPARCS linked to NYS VS (Table 3) 
| Validity of DMF for NYS out-of-hospital death
There were 12 693 out-of-hospital deaths found in the NYS VS records on or before December 31, 2015, 8406 pre-2011 and 4287 post-2011. Pre-2011, the sensitivity of the DMF for out-of-hospital deaths was 71.4 percent, and kappa was 0.58 (Table 3) . Post-2011, the sensitivity dropped to 28.95 percent and the kappa decreased to 0.34.
| Validity of DMF vs NJ VS
Mortality data were available for NJ patients through December 31, (Table 3 ).
| Effect of DMF change on a study using 1-year mortality as an endpoint
As an illustration of the impact the change in the DMF would have on clinical research, we modeled a study with 1-year mortality as an endpoint. We generated Kaplan-Meier survival curves for the pre-2011 and post-2011 cohorts, using mortality data from the DMF and from SPARCS/NYS VS. The results are shown in Figure 2A ,B.
Pre-2011, the 1-year survival computed using the DMF vs SPARCS/ NYS VS was similar, 83.3 percent vs 82.4 percent, respectively. If the same study had been performed after 2011, the 1-year survival using DMF data would now appear to 95.8 percent, vs 86.1 percent when using SPARCS/NYS VS. In other words, the 1-year mortality rate would be underestimated by about 10 percent if using DMF death records.
| D ISCUSS I ON
This retrospective, single-center study of a large surgical cohort found that the Social Security Death Master File is no longer a reliable single source for mortality data. This was shown to be true for both in-hospital deaths at our institution, as well as out-of-hospital deaths in NY state, and overall deaths among NJ residents. Historically, the DMF was shown to be a reliable source of death data for elderly individuals, with 96 percent of deaths of patients over the age of 65 captured. 23 The 2011 change restricting state contributions to the public file has dramatically reduced its coverage. The implications of this change have been a source of concern since at least 2012. The lack of an inexpensive and broad-coverage source of vital status makes it difficult for researchers and their institutions to determine the true time to death for patients who transition care to another facility. Lack of data results in reported survival that is artificially higher and reduces the number of true deaths in any study.
With fewer deaths, effect size is smaller, and the power of a study to find a true difference between groups is reduced.
The DMF is used not only for research but also by hospitals for quality, safety, and performance monitoring. 6 The reduced coverage of the limited DMF will affect these efforts as well.
While there are alternative sources of death data for patients in the United States, few offer the broad coverage of the DMF.
State and local vital records may be difficult or impossible to obtain for researchers in different localities. 
| Decline in SSNs available
An interesting finding in our study was that the number of available 
| Limitations
Our analysis was limited to data from a single tertiary care center, and the majority of the patients were residents of a single state (New York). It is possible that other states might have more permissive death data use agreements with the SSA and that DMF data would be more reliable for those states. This is unlikely given that the changes made to the DMF were done at the federal level. Indeed, analysis of the validity of DMF vs the New Jersey Vital Statistics data showed a similar decline to New York State. Another possible limitation is that the in-hospital mortality rate declined by almost 50 percent between the two periods from 5.4 percent to 2.9 percent.
We are unable to speculate on the source of this decline since we did not examine cause of death or severity of illness. It is possible the reduced DMF match rate was simply the result of fewer deaths in the post-2011 period. The decline is DMF death records found however was disproportionately greater than the decline in in-hospital mortality.
Recently, the NTIS announced that in fiscal year 2018, the SSA will add over 8 million death records to the full and publicly available DMF over the course of several months (personal communication from NTIS to author MAL). While this will no doubt increase the coverage of the DMF, the full impact of the addition of these records remains to be seen.
| CON CLUS ION
The utility of the DMF as a reliable source of death data has declined significantly as a result of the changes made by the SSA in November 2011. Although there is now an effort underway to increase the coverage of the DMF, researchers relying on the DMF will significantly underestimate mortality in outcome and population studies. A more reliable source of mortality data must be found to continue performing high-quality outcome studies in the United States. 
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